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APPARATUS AND METHOD FOR PLASMA PROCESSING 

This invention relates to an apparatus and method 
for plasma processing including plasma cleaning, for 
5 example in the field of low pressure plasma processing at 
high temperatures. 

Low pressure plasma processing techniques are widely 
used in the electronics industry to deposit materials 
such as conductors, insulators, or semiconductors on a 

10 target substrate. The target substrate is usually a 
silicon wafer and is placed on a heated electrode inside 
. a chamber under vacuum. Plasma enhanced chemical vapour 
deposition (PECVD) is a iow pressure deposition process 
whereby the reactivity of the plasma is used to 

15 accelerate thin film deposition on a heated substrate in 
a vacuum process chamber. A PECVD process is usually 
performed at substrate temperatures in the range 200 to 
800 °C. During this process, the plasma reaction products, 
apart from depositing on the target substrate, collect on 

20 undesirable areas such as the chamber walls, electrode 
surface (s) and other parts of the apparatus within the 
chamber. In repeated thin film deposition processes, such 
deposits gradually accumulate inside the apparatus. 
Typically, such deposits lose their thermal stability as 

25 their thickness increases and exfoliate from areas such 
as the inner walls and start floating as particles inside 
the reaction chamber. The particles then adhere onto the 
target substrate as foreign objects and cause impurity 
contamination, which eventually results in defects. To 
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minimize the effect of these unwanted deposits, plasma 
cleaning is carried out . 

A generally preferred method of cleaning deposition 
tools after the deposition of insulators (for example, 
5 ■ such as silicon oxide or silicon nitride) involves the 
use of fluorinated compounds. For example, gases such as'' 
CF4, C2F6, C3F8, SF6 and NF3 are used to generate active 
fluorine radicals by a plasma decomposition reaction. The 
fluorine radicals etch away the unwanted deposits in the 

10 form of volatile gaseous compounds, which are then pumped 
out and away from the processing chamber. However, the 
chemically active fluorine ions and radicals in the 
plasma remove not only the unwanted deposits on 
components such as the showerhead and chamber walls, but 

15 also start attacking the heated electrode on which the 
substrate is placed for processing. This results in a 
loss in the thermal performance of the electrode and loss 
of electrical .contact in the case of metallic electrodes. 
The heated electrodes used in PECVD can be 

20 categorized according to their low and high temperature 
operating modes . For low temperature operation up to 
400°C/ a material such as aluminium is used as the 
electrode material. For higher temperatures, greater 
than 400°C, a material such as stainless steel is usually 

25 used as electrode material for high temperature 
deposition. Note that aluminium electrodes are limited 
to operating below 480°C (due to their thermal 
properties) whereas stainless steel and ceramics such as 
A1N can be used in a wider temperature range. 
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Unfortunately aluminium reacts with the fluorine 
•active, radicals to form aluminium fluoride , which loses 
its thermal stability as the temperature is increased 
beyond 2 00°C and ends up in the chamber as a yellow brown 
deposit.. Also as the deposition thickness increases in 
the chamber, the aluminium by-pr.oducts flake off and fall 
onto the substrate causing irreversible contamination of 
the substrate. 

The main problem with stainless steel electrodes is 
their incompatibility to fluorine radicals at 
temperatures above 2 00°C. Therefore, when a stainless 
steel electrode is used for a deposition process at 
700 °C, plasma cleaning is typically only performed once 
the electrode has been allowed to cool down to 200°C or 
less.. This leads to delays in the use of the apparatus 
particularly since stainless steel has a low thermal 
conductivity implying a very long cooling time that 
affects productivity in a manufacturing environment. 
Furthermore, if too much deposition occurs, the films 
will flake off when cooling to the cleaning temperature, 
and become much more difficult to remove by plasma 
cleaning. 

The cooling step is included in the cleaning process 
to protect the stainless steel from being attacked and to 
avoid an additional source of contamination resulting 
from the precipitation at high temperatures of compounds 
containing chromium, manganese and so on, within the 
steel. In addition, the carbon content of stainless 
steel is high enough to produce embrittlement at high 
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temperatures, thereby reducing the thermal contact with 
the- processing wafer due to damage. 

Hence, the electrode performance and lifetime are 
severely restricted. Ceramics such as A1N have been used 
5 as the high temperature material but their use is not 
without problems, notably the high material procurement 
costs and machining difficulties. Also in a plasma 
apparatus, the electrode is preferably an electrical 
conductor, so ceramics cannot be used alone. 
10 Consequently, a balance is required between 

efficient cleaning methods and . plasma processing 
equipment both at low and high temperatures without 
jeopardising system performance, uptime and process 
capability. 

15 In accordance with a first aspect of the present 

invention we provide plasma processing apparatus 
comprising: - 

a chamber within which a substrate is processed in 

use; 

20 a first electrode formed from a nickel alloy having 

substantially planar upper and lower surfaces, wherein 
the substrate is placed for processing upon the upper 
surface of the first electrode; 
a second electrode; 

25 a heater for heating at least the first electrode to 

a processing temperature; and 

a power supply system arranged to cause an 
electrical discharge between the said first and second 
electrodes so as to produce the plasma in the chamber 
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from one or more gases supplied to the chamber , 
.characterised in that : - 

the heater comprises one or more heating members 
arranged in a substantially planar manner, the heater and 
electrode forming an assembly such that the parts of the 
one or more heating members that are closest to the said 
upper surface of the first electrode, define a first 
plane that is separated from the upper surface by a 
distance Y, and the parts of the one or more heating 
members that are furthest from the said upper surface of 
the first electrode, define a second plane, wherein the 
separation of the first and second planes defines a 
heater thickness X and wherein Y lies in the range 1.2X 
to 3X. 

We have realised that many of the problems 
associated with former known systems are alleviated by 
the use of an electrode formed from a nickel alloy. 
However, the substitution of nickel for prior aluminium 
or stainless steel electrodes, whilst leading to improve 
results, does not fully provide the desired high 
temperature behaviour. We have also realised that the 
relative thicknesses of the heater and electrode 
components are also important in providing the desired 
temperature properties, particularly at high 
temperatures. The apparatus according to the first 
aspect of the invention however provides this improved 
behaviour for depositing films up to temperatures of at 
least 800 °C. Further, it also provides the ability to 
perform high quality plasma cleaning at elevated 
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temperatures, particularly those in excess of 400°C. It 
should be noted that the plasma processing according to 
the invention includes conventional processes such as 
deposition and etching. It also includes plasma cleaning. 
5 The present invention contemplates that, preferably, 

the heater is positioned within the first electrode. 
However, in some situations, it may be positioned beneath 
the electrode itself and in thermal contact with it. 
When the heater is arranged within the first electrode, 

10 the second plane is preferably separated from the lower 
surface of the said first electrode by a distance W. In 
this case, the total thickness Z of the electrode and 
heater assembly is given by Y + W + X and in this case Z 
preferably lies in the range 2Y to 2.5Y and Y preferably 

15 lies in the range 1.2X to 3X. 

These distances are to be chosen so as to provide 
two functions; 

1) Rapid heating up of the electrode by minimising 
the effect of thermal inertia which is directly related 

20 to the thickness of the metal and notably the distance Y; 

2) " Rapid cooling of the surface temperature to 
perform plasma cleaning at high temperatures. This is 
also linked to Y. 

It will be appreciated that Various different heater 
25 configurations can be provided, although typically each 
of these is arranged so as to provide as uniform a 
heating effect as possible across the expanse of the 
upper surface of the electrode and therefore of the 
substrate. The heater may therefore comprise various 
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coils within the electrode, or be in the form of a plate 
within, it. The heater may therefore have one or more 
tubular or rod- like members which are suitable for use 
with Y taking any value in the 1 . 2X to 3X range . Other 
5 heater configurations include a "thin foil" type which 
may be profiled, in which case a, value of Y closer to the 
lower value of 1.2X is preferred. 

The primary purpose of the heater is to heat the 
upper surface of the electrode and therefore, whether or 

10 not the heater is placed within or beneath the electrode, 
the apparatus preferably further comprises a heat shield, 
. positioned at or adjacent the bottom surface of the 
assembly so as to reduce heat dissipation from the bottom 
part of the assembly. In the case of a heater within the 

•15 electrode itself, the bottom part of the electrode having 
the thickness W can therefore act as such a heat shield. 

Various nickel alloys may be used with advantage for 
the electrode due to their corrosion resistance, high 
thermal conductivity, low emissivity and low electrical 

20 resistivity. Whereas all such nickel alloys comprises 
nickel as at least the major constituent, preferably high 
purity nickel alloys are used, that is having a nickel 
content of at least 99%, such as is provided by pure 
nickel or the alloys nickel 201 or nickel 400. Nickel 201 

25 typically has a thermal conductivity of 80W/mK, 
electrical resistivity of 8.5e-6 ohmcm and an emissivity 
of 0.08 (polished - 400°C)'to 0.19 (unoxidized at 1000°C) . 

The various relative dimensions Z,X,Y and W, are 
chosen so as to provide the particular desirable thermal 
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performance across different wafer sizes. For example, 
this invention is capable of providing excellent 
temperature uniformity across a 200 mm silicon wafer. It 
is desirable that the alloy, the dimensions and the 
5 heating devices used are capable of heating the electrode 
with the substrate thereupon to preferably 700 °C from 
ambient temperature within substantially one hour or 
less, preferably about 45 minutes or less. The natural 
cooling of the first .electrode from high temperatures is 

10 also of great importance to the invention and preferably 
the first electrode is adapted to cool in use from 700°C 
to 400°C in less than 3 0 minutes, preferably between 15 
and 20 minutes or less. Such short heating and cooling 
times are important since they increase the operational 

15 speed of the process as a whole. This is effected by the 
combination of the use of a nickel alloy with the 
dimensional ranges discussed above. 

The apparatus can be used firstly in a conventional 
sense for numerous standard plasma processing operations. 

20 In this case, the heating and cooling parameters/ 
properties of the electrode are particularly beneficial 
for the rapid performance of the process, and in 
obtaining a very homogeneous temperature distribution 
across the electrode surface. This in turn is manifested 

25 in the temperature distribution in the substrate placed 
in thermal contact with it. 

The apparatus is also particularly beneficial for 
use in conjunction with a plasma cleaning method and thus 
in accordance with a second aspect of the present 
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invention we provide a method of plasma cleaning the 
.contents of a plasma processing chamber according to the 
first aspect of the invention, the method comprising 
providing a fluorine-containing gas in the said chamber 
whilst the said chamber is at an elevated temperature 
such that the chamber is cleaned by the action of the 
fluorine -containing gas. 

The apparatus according to the first aspect of the 
invention is particularly advantageous when using 
fluorine -containing gases as a cleaning gas since nickel 
alloys are particularly resistant to degradation from 
fluorine radicals in such cleaning plasmas. In 
principle, the cleaning method according to the second 
aspect of the invention can be performed in a stand-alone 
sense, such that the chamber may be heated from a cold 
condition by the heating of the electrode to an elevated 
temperature followed by the striking of a plasma using 
the fluorine-containing gas. Typically however, the 
method will be used directly following a deposition step 
and therefore the method preferably further comprises, 
prior to the introduction of the fluorine containing gas, 
using the chamber to perform plasma processing upon a 
substrate heated to a processing temperature. In any 
case, the chamber may be maintained at a predetermined 
temperature during cleaning, or alternatively, it may be 
allowed to cool to a lower temperature naturally, in 
which case the lower temperature may be ambient. 

The elevated temperature may therefore at least 
initially comprise substantially the processing 
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temperature. This elevated temperature may be in the 
range 200°C to 800°C and preferably is in the range 400°C 
to 700°C. A temperature of 700°C is beneficial for the 
processing of polysilicon, atomic layers and so on* Foil 
5 heaters can be used for processing to temperatures of 
between 500°C and 600°C although they tend to be more 
expensive than tubular heaters. 

Various cleaning gases may be used to provide the 
fluorine -containing gas. Typically a gas such as CF4 may 

10 be used as a precursor and preferably the fluorine- 
containing gas comprises a mixture of CF4 and 02 in the 
respective ratios of substantially 80% to 20% by volume. 
Preferably the flow rate of the gas is about 150 standard 
cubic centimetres per minute. The plasma cleaning step 

15 has been found to be particularly beneficial using a dual 
frequency plasma, that is, a low frequency component 
having a frequency between 50 and 450 KHz, together with 
a high frequency component at 13.56 MHz. Typically the 
power range is between 50 and 300 watts. 

20 As mentioned above, the apparatus may be used to 

perform various known plasma processing methods, and 
therefore in accordance with a third aspect of the 
present invention, we provide a method of plasma 
processing comprising positioning a substrate in contact 

25 with the upper surface of the first electrode in a plasma 
processing chamber of apparatus according to the first 
aspect of the invention, supplying one or more process 
gases to the chamber and generating a plasma within the 
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chamber from the process gases, using the first and 
•second, electrodes so as to plasma process the substrate . 

Such plasma processes include deposition and etching 
processes, although are preferably for the deposition of 
5 insulators such as polysilicon, oxides and nitrides. 
These processes are preferably performed at elevated 
temperatures in the range 200°C to 800°C and preferably 
in the range 400°C to 700°C. 

Some examples of a plasma processing apparatus and 
10 methods according to the present invention will now be 
described with reference to the accompanying drawings, in 
which: - 

Figure 1 is a schematic illustration of an example 
plasma processing apparatus according to the invention; 
' 15 .Figure 2 shows a section through an electrode 

assembly according to the example; 

Figure 3 shows a detailed view of the heater 
embedded in an electrode assembly according to the 
example; 

20 Figure 4 shows measured temperature variations at 

different positions on a silicon wafer surface when 
heated using the example apparatus; 

Figure 5 is a graph illustrating a typical 
temperature response of the electrode when heated in an 
25 assembly according to the example; and, 

Figure 6 is a flow diagram of an example method 
according to the invention.. 

A schematic low pressure plasma processing system 
according to the invention is shown in Figure 1. This 
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comprises a vacuum process chamber (plasma chamber) 1 
within which is positioned an electrode assembly 2. This 
assembly comprises an electrode (first electrode) 3, 
together with a heater 4, the details of which are not 
5 shown in Figure 1. A gas delivery system 5 provides 
process and cleaning gases along a conduit 6 to a 
showerhead assembly 7 via a gas inlet assembly. A 
suitable gas inlet assembly is described in British 
patent application number 0326500. This comprises a 

10 second electrode 8 connected to an external impedance 
matching network 9 which in turn is connected to an RF 
generator 10. A loadlock apparatus 11 is provided for 
loading substrates in and out of the vacuum process 
chamber 1 . A suitable loadlock apparatus is described in 

15 European Patent Publication EP-A-1217647 . 

At. the base of the chamber, a pumpout port 13 is 
provided for .evacuating the gases from the chamber via 
vacuum pumps and pressure control valves. 

When in use, a substrate 14 is positioned upon the 

20 upper surface of the electrode assembly 2 using the 
loadlock apparatus 11. Depending on the process in 
question, either process or cleaning gases are provided 
from the gas delivery system 5 into the chamber 1 via the 
conduit 6 and showerhead assembly 7. A controlled low 

25 pressure, in the range 500 mTorr to 5000 mTorr, of the 
gases is provided within the chamber by the control of 
pumps and/or regulators connected to the pumpout port 13 
and the gas delivery system 5. The substrate is heated 
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to a processing temperature with the heater 4 (not shown 
•in Figure 1) . 

A low pressure flow of gas is therefore established 
within the chamber, and the RF generator 10 and the 
5 matching network 9 are then operated so as to strike and 
maintain a plasma between the first electrode 3, and the 
• second electrode 8. Whilst this is performed, the heated 
electrode is used to provide uniform heating to the 
substrate. In this case, the electrode 3 is manufactured 

10 from nickel-based alloy, (nickel 201 here) and having 
predefined dimensions as are discussed in more detail 
later. Other nickel alloys such as alloy 4 00 can also be 
used for this purpose, although nickel 2 01 is chosen for 
this particular example since it shows excellent 
• 15 corrosion resistance to halogens (and notably fluorine) 
at very high temperatures of around 700°C. This is 
advantageous since no significant by-products will be 
formed in the deposition of either insulating materials 
such as oxides using silane, or indeed metals such as 

20 titanium using chloride compounds. It should be noted 
for instance, that when exposed to dry fluorine under 
vacuum, the corrosion rate of nickel at temperatures in 
excess of 400°C is less than 0.1 mm per annum. 

Such a corrosion rate is ins ignifi cant when compared 

25 with a stainless steel heated electrode. Nickel 201 also 
provides advantage due to its high electrical and thermal 
conductivity. In addition, due to its low carbon content 
(of less than 0.02 weight percent carbon) nickel 201 is 
resistant to the precipitation of graphite particles and 
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therefore it can be used at temperatures even up to 800C 
for- extended periods. Furthermore, nickel shows good 
resistance to performance degradation caused by 
periodical thermo- cycling between low and high 
5 temperatures . 

A schematic cross -section of the electrode assembly 
2 is shown in Figure 2 . Here the heater comprises a 
number of heating elements (members) 15 which are 
connected in a planar* coil arrangement as shown in Figure 

10 3. It can be seen in Figure 2, that these are positioned 
at just beneath the mid-point in the vertical direction 
between the upper 16 and uppermost lower 17 surfaces of 
the electrode 3. The uppermost parts closest to the 
upper surface 16 of the electrode 3, define a first plane 

15 18, whereas the lowermost parts define a second plane 19. 
As is shown in Figure 2, the dimension Y represents the 
distance between the first plane 18 and upper surface 16 
of the electrode, the dimension W defines the shortest 
distance between the plane 19 (second plane) and the 

20 lower surface 17 of the electrode 3. The thickness of 
the heating elements 15 is therefore the distance between 
the first and second planes 18,19, this being denoted by 
X, whereas the total thickness of the electrode assembly 
2 is given by Z, which has dimensions equal to the sum of 

25 W, X and Y. 

It has been found that various respective ratios 
between these variables allow an efficient cleaning 
process with no effect on the thermal performance of the 
electrode assembly 2. The dimension Y, ratio Z:Y and Y:X 
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are important as they are directly related to the thermal 
performance of the electrode assembly. Importantly the 
heating up and cooling, down times of the electrode 
assembly are a function of the values of these 
5 parameters. The heating up of the electrode from 20 deg C 
to 700 deg C in this case takes, about 45 minutes (Figure 
5) . It takes about 3 0 minutes for the electrode to cool 
down from 700 deg C to 400 deg C as also shown in Figure 
5. We have found that Z should be between 2 and 2.5 times 

10 Y, and Y is also in the range 1.2 to 3 times X. It is 
desirable that the "relaxation time", that is the cooling 
, time, is very rapid, this being particularly the case for 
the deposition of thick insulator films of up to 100 
micrometers in thickness. The selection of Y is important 

15 as such to maintain rapid relaxation times or at least 
maintain the relaxation time from 700°C to 400°C to 
within 30 minutes irrespective of the change in the 
thermal properties of the electrode surface due to the 
deposition of insulating films . The parameter Y is also 

20 important for temperature uniformity as it directly 
influences the thermal characters of the electrode 
assembly and hence the processing temperature. We have 
found that the following dimensions are particularly 
beneficial: Z = 32 mm, W=10 mm, X= 6 mm, Y= 16 mm . The 

25 platen has a diameter of 240 mm. The limits of the 
dimensions (in mm) are as follows: 30 <Z< 40, 6<W<12, 
X=6mm (fixed in this example) , 12<Y<20 and for a heater 
rated to minimum 2.8 kW (230 V/13 A) . 
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Figure 3 shows a practical layout of the cross 
section of the assembly 2 (platen) with the heater 4 
layout also indicated. The heating element is laid out in 
an approximately concentric form in a Nickel 2 01 metal 
5 plate. The element diameter is 0.260 inches (6.6 mm) and 
is rated to 2850 W (240 V) . The element has been laid out 
with the need to obtain an across 8 inch (200mm) wafer 
temperature uniformity of less than +/- 1% at 700 deg C. 
Finite element analysis has been performed to this end 

10 using modelling software. Important aspects that 
determine temperature uniformity and electrode 
performance such as the type and characteristic of the 
material used (thermal conductivity, electrical 
resistivity and emissivity) , the actual physical shape of 

15 the metal part and the heater placement within the part 
(cast-in type design) have been considered. The latter is 
important, as. intimate contact is required to optimise 
heat transfer and also to increase heater lifetime by 
reducing hot spots. As shown in Figure 3, the heater has 

20 been laid out in a concentric pattern in grooves in the 
surrounding metal part to improve heat transfer to the 
surface of the electrode. The metal piece has three 
apertures 2 0 in the centre through which three pins pass 
to allow the substrate wafers to be moved up and down. A 

25 further aperture 21 is located between the two most outer 
loops and used for a K type thermocouple. The heater 
parts labelled 22 are important as they overcome the cold 
spots generated by joining the heater legs to the 
element. The heater legs are joined at positions 23. 
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Using an electrode assembly 2 according to* this 
.example, the temperature distribution across an 8 inch, 
2 00mm instrumented wafer (embedded with thermocouples) at 
700°C electrode temperature, was measured. The respective 
values of measured temperature in Celsius are shown in 
Figure 4 . As is demonstrated, the temperature uniformity 
is less than ± 0.3%. Not only does the apparatus 
according to the invention therefore provide the ability 
to rapidly heat the electrode to its operational 
temperature such as 700°C, it also provides for important 
rapid cooiing from 700°C to a lower temperature, such as 
400°C to 500°C. This is also particularly important as it 
further increases the lifetime of the electrode assembly 
2 by reducing significantly the corrosion rate of nickel 
201, . which is temperature dependent. This is also 
important as at these temperatures exfoliation does not 
happen as the temperature gradient is still high to 
maintain the particles' adhesion. However, at 
temperatures of 200°C or less, the particles lose their 
adhesion and start floating in the chamber. Therefore, a 
pre-defined lower temperature in the range 400°C to 500°C 
is important as to maintain minimum contamination levels. 
The typical heating and cooling behaviour of the assembly 
described in this example is shown in Figure 5. 

In the above example therefore, the values provided 
for the X, Y, W and Z variables, act together to produce 
a very useful practical system. 

As an alternative to the example described, it is 
also possible to effectively remove the bottom electrode 
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portion of thickness W and therefore to provide a bottom- 
heated electrode, where the heater may form all or part 
of the base of the electrode. This may be attached 
beneath the electrode and in good thermal contact with 
5 it. The disadvantage of such a system is that this causes 
unwanted heat losses from beneath the electrode and 
therefore it is desirable in such a case to provide an 
additional heat shield that may be formed of a similar 
material to the electrode or a higher power rated heater. 

10 This heat shield may then act in a similar manner to one 
of the functions of the material of thickness W discussed 
earlier, ■ namely by reducing heat dissipation in a 
downward direction. Therefore, more of the generated 
heat is directed efficiently towards the substrate and as 

15 a result, the heating time can be reduced. 

A method of operating the example of apparatus 
according to the embodiment described earlier (in which 
the heater is within the electrode itself) , is now 
described with reference to Figure 6 . The process now 

20 described is a combined deposition and subsequent 
cleaning process although it will be appreciated that the 
apparatus may be used for separate deposition and 
cleaning processes as well. 

The method begins at step 100. A silicon or other 

25 suitable substrate is loaded into the chamber 1 using the 
loadlock 11 when under vacuum at step 101. Subsequently 
at step 102, a deposition process is performed in which a 
plasma is generated within the chamber, this being 
generated using the first 3 and second 8 electrodes. 
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Once the deposition process has finished, the substrate 
contains a film of predetermined thickness and chemical 
composition. However, not only is the substrate provided 
with such a film, unfortunately other parts of the plasma 
processing chamber 1 are inevitably also provided with 
such a film. Following deposition, the substrate is 
removed from the chamber via the loadlock 11 at step 103. 
Subsequently at step 104, a decision is made as to 
whether cleaning of the internal chamber is required. 
This decision is based upon a visual inspection, or after 
a number of process cycles, or could be determined using 
optical instrumentation such as CCD camera. If no such 
cleaning is required then the method continues to step 
106 where a further decision is made regarding whether or 
not further processing using the apparatus is required. 
If it is, then the method may then return to step 101 
where a further substrate is loaded to the chamber. This 
newly loaded substrate may indeed be a different 
substrate or the same substrate, depending upon the 
process in. question. If however at step 104 plasma 
cleaning is required, then the method proceeds directly 
to step 105. Advantageously, with the apparatus 
according to the present invention, the plasma cleaning 
can be carried out at high temperatures, these including 
the deposition or other process temperature used within 
step 102, and notably immediately after such steps if 
desired. 

The apparatus allows the combined advantage of using 
a metal electrode without the need for cooling the 
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electrode down to a lower temperature for cleaning. 
However, as with known metal electrodes, it is of course 
possible to allow the electrode to cool prior to 
cleaning. A distinct advantage of cleaning without an 
5 intermediate cooling step is that valuable processing 
time is saved as it may take more than four hours for a 
traditional electrode to cool to 2 00°C. 

A typical cleaning temperature in the present case 
is 700°C. At step 105/ whilst the electrode is at about 

10 this temperature, the predetermined gas flow mixture of 
CF4/02 is flowed into the chamber under high pressure 
from the gas delivery system 5. The pressure in this 
case may be up to 5 Torr. A high frequency plasma in the 
range 50 to 450 KHz and/ or at 13.56 MHz (preferably both) 

15 with a power range varying from 50 to 300 watts in each 
case, is used to generate the plasma for cleaning. The 
electrode is maintained at about 700°C using the heater 4 
during the cleaning. 

In an alternative example, step 105 is performed 

20 without maintaining the electrode temperature. Of 
course, it will be necessary for the system to already be 
at an elevated temperature and typically such a 
temperature is provided as a result of previous 
processing steps (such as steps 101 to 103) . The plasma 

25 cleaning therefore occurs whilst the temperature within 
the chamber, and particularly that of the electrode, 
gradually reduces to a lower temperature, for example 
400°C. As the temperature decays, the reactivity of the 
surfaces to the fluorine plasma is reduced by a factor of 
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at least 10 times. The cooling is dependent upon the 
.specific temperatures chosen, the nickel alloy in 
question and the electrode assembly dimensions, 
particularly dimension Y. 
5 In a further example, the plasma cleaning step 105 

can be performed at a temperature which is reduced and is 
maintained at a level which is lower than the processing 
temperature in earlier steps such as step 102. Again, as 
in the previous examples, low and or high frequency 
10 plasmas may be generated with similar power. 

There are therefore .various alternative cleaning 
strategies. However, each of these either involves 
plasma processing whilst the electrode is maintained at a 
fixed temperature (which may be equal to that of the 
•15 processing temperature in a processing step such as 102), 
or during natural cooling following the heating to an 
elevated temperature such as that processing temperature. 

A combination of the use of such a process with the 
apparatus according to the invention therefore provides 
20 practical advantages, particularly in terms of reducing 
the overall down time of the apparatus. 

As a clean plasma will etch any material, it is the 
rate of this attack that requires control. This 
invention provides a rugged and reliable electrode with a 
25 long lifetime. As such, the selection of a nickel alloy, 
process conditions and the dimensions (particularly Y for 
managing the corrosion rate and maintaining the 
mechanical and electrical contact with the wafer) are 
very important. The mechanical contact is important to 
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provide contact between wafer and electrode under 
changing temperatures and deposited films. 



